Time-varying metamaterials are artificial materials whose electromagnetic properties change over time. In earlier studies, the equivalent reflection and transmission coefficients at a temporal interface have been derived. Here, we extend the study to a temporal slab, i.e., a uniform homogeneous medium that is present in the space for a limited time. We derive the transmission and reflection coefficients for a metamaterial temporal slab as a function of the refractive indices and application time. Similarly to the role played by the electrical thickness for spatial slabs, we show that the response of the temporal slab can be controlled through the application time. The preliminary results reported here may pave the way to several novel devices based on temporal discontinuities.
I. INTRODUCTION
Propagation of an electromagnetic (EM) wave through a time-varying medium is an old research topic [1] .
In 1958, Morgenthaler addressed the problem of the electromagnetic wave propagation through a dielectric media whose electromagnetic characteristics vary as a function of time. More recently, the advent of spacetime and time-varying metamaterials [2] has stimulated the interest in the anomalous interaction between the waves and time-varying material, enabling the implementation of some novel interesting components, such as non-reciprocal Bragg-gratings [3] and antennas [4] - [8] , optical isolators [9] , and Doppler cloaks [10] . In particular, the salient features of temporal metamaterials have been recently investigated by Engheta [11] , where the freezing and amplification of waves during propagation has been numerically demonstrated.
However, a systematic study of the scattering response from a temporal slab has not been reported yet. The concept of temporal slab is illustrated in Fig. 1 in comparison with a conventional dielectric slab. We derive the conditions that allows to achieve some special responses, such as zero reflection and zero transmission. The total scattering coefficients in eq. (2) give us the possibility to design the temporal slabs for achieving special transmission and reflection cases. Here, we consider the special cases of reflection less ( 0 t = ) and
transmission less ( 0 t T = ) temporal slabs.
A. Reflectionless temporal slabs
The possibility to achieve reflection less temporal coating by using time-varying metamaterials has been recently envisioned in [13] . Here, using eq. (2), we derive the conditions for achieving such a specific reflection condition. To vanish the total reflection coefficient, the exponential term 2 it e  − must assume the following values: 
Considering the shortest temporal slabs, eq (3) corresponds to an effective half-period and a quarter-period temporal slabs, respectively. As for the first case (half-period slab), the total reflection coefficient is vanished only if 02 nn = , regardless the value of 1 n . As for the second case, the total reflection coefficient is vanished
These results represent the first temporal Fabry-Perot resonator and impedance transformer implemented through a time-varying metamaterial.
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B. Transmissionless temporal slabs
Following a similar procedure for total transmission coefficient t T of eq. (2), we have that the transmission never can be zero for an half-period temporal slab. On the contrary, for a quarter-period temporal slabs, the transmission can be zero if the permittivity of the temporal slab is negative 1
III. NUMERICAL VERIFICATION
The numerical verification has been performed through a proper set of FDTD simulations. The scattering coefficients for a temporal slab that satisfies the reflectionless conditions have been evaluated. In Fig. 2 the comparison between numerical and analytical scattering parameters as a function of the effective temporal thickness of the slab are reported for the case of 2 1 0 2 n n n = , and 02 nn = , which exhibits a zero in reflection when the temporal thickness of the slab is a quarter-or half-period of the wave in the medium. 
